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1. Introduction
In RAN2#72 meeting, a new WI named “LTE-based V2X Services [1]” was agreed. In the study, RAN2 concluded that it is feasible to surpport V2X services, i.e. transport for V2V, V2I/N, V2P over Uu. The main results of the study are evaluating the latency, capacity, and reliability performance of LTE Uu interface and UL enhancement using SPS and DL enhancement using multicast/broadcast transport [2]. The V2X service basically has to cover all UEs included in other operators. RAN concluded that support of inter-PLMN for both PC5 and Uu is one of the objectives for V2X WI.
In this contribution, we will discuss the considerations to support inter-PLMN for V2X, especially DL reception.
2. Discussion
The vehicle UEs supporting inter-PLMN need to obtain the downlink carriers of other operators because the multicast/broadcast transmissions (MBMS, SC-PTM) are used for downlink transmission of V2X. It is necessary for UE to read all MBMS broadcast including other PLMNs because V2X message is related to the safety.
There can be four considerations/problems to support inter-PLMN operation of DL reception for V2X.
1.  What information should be provided for UE in order to support inter-PLMN operation?

2.  How eNB can know the downlink carriers of other operators?

3.  How serving eNB transfer the downlink carriers of other operators?
4.  How the UE receives multiple downlink carriers for different PLMN?
It is difficult to provide inter-PLMN operation because there are some defects to solve above problems. RAN2 have to discuss what are the most simple and effective ways to provide inter-PLMN operation for V2X.
2.1. What information should be provided for UE in order to support inter-PLMN operation?

First consideration can be what information is needed to support inter-PLMN operation for V2X. Typically each operator has different network from other operatos, so sharing information between operatos is almost impossible unless there are some specific mechnisms. For reception of V2X broadcast, UE needs some information in order to receive other PLMN’s MBMS service. We have to consider the carrier friquencies of MBSFN provided by other PLMNs is enough or not. The carrier friquencies of MBSFN provided by other PLMNs is enough if UE can acquire the further information from those carriers by itself. In other cases, we need to provide more information, e.g. MCCH configuration info which is included in SIB13, and service area identities (SAIs) which is included in SIB15. For the SAIs, we think it can be required to provide. There are some considerations for indicating of SAIs.
A.  Single transceiver

: It seems that the interest indication is needed, e.g. the SAI info as in SIB15 should be provided with the carrier frequencies of MBSFN provided by other PLMNs.
B.  Dual transceiver

: It semms that interest indication is not really needed. If we assume the SAI info is rather static, it could possibly be set by OAM, in which case it may be possible to use SIB15 without introducing inter eNB signalling.
Proposal 1: RAN2 is asked to the carrier friquencies of MBSFN provided by other PLMNs is enough to support inter-PLMN operation for V2X.
2.2. How eNB can know the downlink carriers of other operators?
As we mentioned before, the existing MBMS mechanim can be used for downlink transmissions for V2X. It is difficult for eNB to obtain the V2X carrier of other PLMNs. In Rel-14 eMBMS, similar issues will be considered, and Shared eMBMS Network (SEN) architectures [3] where the dedicated eMBMS carrier can be shared across operators was introduced. We can consider two cases: a) network sharing and b) no network sharing. Sharing network is not only for V2X but also for non V2X. It will be acceptable making sharing mechanism for V2X if the impact of specification is not quite huge. However, the existing Rel-13 MBMS/SC-PTM cannot support that kind of sharing network. Some reporting mechanisms between serving eNB and UEs of other PLMNs are needed if there is no shared entity between other PLMN networks. Moreover, there are no needs to provide other information if the carrier used for V2X should be static i.e. no need for inter-eNB coordination. It just can be set by OAM.
Proposal 2: It should be discussed how eNB can acquire the V2X carriers of other PLMNs. 
2.3. How serving eNB transfer the downlink carriers of other operators?
In Rel-13 MBMS, the eNB can inform the downlink carrier frequences and service area identities of those carriers to UEs. It is possible that the eNB can inform the downlink carrier frequencies of other PLMNs using SIB15. In the current mechanism, UE checks the carrier/cell providing MBMS service which UE interested in when the eNB broadcast SIB15, and then UE can inform MBMSInteresteIndication messgage to the eNB. This mechanism can be reused for V2X downlink case if the carrier friquencies of MBSFN provided by other PLMNs is enough to support inter-PLMN operation for V2X. For the updated SIB15 which the downlink carriers of other operators are included, UE don’t need to transfer MBMSInteresteIndication messgage to the eNB, i.e. UE just receive the downlink messages using the carrier frequencies of other PLMNs.
Proposal 3: The carrier friquencies of MBSFN provided by other PLMNs can be transferred by SIB15.
2.4. How the UE receives multiple downlink carriers for different
PLMN?
The reception of multiple downlink carriers are highly related to the UE capabilities, i.e. the number of RF chain of receiver side is an important factor. Basically, there are two options as following:
· Option 1: UE receives multiple DL carriers with additional Rx chain.

· Option 2: UE receives multiple DL carriers with a signle Rx chain in TDM manner.

For the Option 1, the UE can use independent RF chain to receive the multicast/broadcast by MBMS/SC-PTM. It is a simple way without changes of specifications. However, there are many operators providing MBMS services in the overlapped area and the number of operators is different according to the country.  For the option 2, it has strength for the UE complexity but the scheduling using TDM manner for V2X broadcast is also difficult issues and it may cause data loss. Use of dual transceiver such as dual operation with sidelink PS communication is important factor to decide options. If we assume no dual transceiver, option 1 can be a good solution. However, UE would be suggested to use some kind of TDM pattern (e.g. alike for IDC) if dual transceiver can be assumed.
Proposal 4: RAN2 shoud discuss what is the feasible solution to receive V2X broadcast of other PLMNs, all options will be considered with the suitable number of Rx chain for supporting inter-PLMN operations.
3. Conclusion
The following proposals are made for V2X inter-PLMN operation
Proposal 1: RAN2 is asked to the carrier friquencies of MBSFN provided by other PLMNs is enough to support inter-PLMN operation for V2X.

Proposal 2: It should be discussed how eNB can acquire the V2X carriers of other PLMNs.

Proposal 3: The carrier friquencies of MBSFN provided by other PLMNs can be transferred by SIB15.
Proposal 4: RAN2 shoud discuss what is the feasible solution to receive V2X broadcast of other PLMNs, all options will be considered with the suitable number of Rx chain for supporting inter-PLMN operations.
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